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Analysis setup

* The core of the system is the statistical STEPS scheme
(Short Term Ensemble Prediction System) (Seed 2003,
Seed 2004, Bowler N. et al., 2006)

* Verification period: Warm: May-September 2017
Cold: November 2017-March 2018
* 9 radars in Central Russia used as observations
* 10 min time step until 3 h
* Grid size of about 2 km, 256x256 grid points domain
* R SpatialVx was used to identify objects (FeatureFinder)



Object identification: 1h precipitation greater
than a certain value, e.g. >1mm/h,

@

The objects

in the domain are
identified by the number
of contiguous grid points
higher than a threshold,
convolution smoothing
with a radius of 9 grid
points (~18 km)
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Peaks over threshold (PoT)

model for the area size

One object larger than a threshold is chosen from each situation:
EVT approach, reduces the dimensionality of verification problem
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Area thresholds

Maximum areas of objects in Kursk radar fields
from 5 to 19 May 2017.

Blue lines indicate times of maximum areas within a precipitation
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Generalized Pareto distribution

Generalized Pareto distribution is an approximation of PoT distribution based
on the data from Generalized Extreme Value distribution if the following
condition is satisfied:

- The moments of peaks in a given time period are the Poisson point process (a
type of random mathematical object that consists of points randomly located on
a mathematical space) (Suveges 2010)

The Poisson point process is defined by the following conditions:

- stationarity : probability of k events in any time slot of length | depends on k
and | only and doesn't depend in the initial time of the slot;

- occurence of k events in the time slot does not depend on occurence of this
event before the given time slot;

- ordinarity: occurence of not less than two events in the short period is almost
impossible

Let A to denote the mean number of events in the time unit (process intensity).
If the probability of occurence of k events during t is described by equation

these conditiong @mfiuﬂiﬁ}égﬂr
r' . L] LK)
It was shown that the pié'ak moments in our data satisfy these conditions



Generalized Pareto (GP) distribution

* The objects larger than a threshold (one from each precipitation situation)
were fit to GP.

* GP has three parameters: location, scale, and shape.

But If location is fixed by the Pareto threshold in the PoT model, GP
has only two parameters: scale (o), and shape (§).

* Pareto thresholds: 625, 900, 1225 and 1600 grid points were used

* GP parameters were estimated using 1) generalized maximum likelyhood
estimation (GLME), 2) maximum likelyhood,

3) L-moments, 4) Bayes with Monte Carlo Markov Chain modeling.
* GMLE was chosen as the basic method

* The standard errors (se) are calculated, and the confidence intervals for
GP parameters estimates are calculated as Cl = x£1.96*se

* R-extRemes, module fevd is used for GP parameters estimation (author:
E.Gilleland)



What does this statistical analysis
give?

1.General description of large precipitation areas
depending on the season and the radar

2.Comparison of parameters of identified objects In
the model and in observations in terms of
extremes, that is, HIW

3. Estimation of return periods of extremely vast
contiguous precipitation areas: predictability of
extremes (analysis ongoing).



Radars under study: Yellow circles
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A measure of STEPS quality: intersection ratio of confidence
Intervals of Generalized Pareto parameters estimates (o and
¢) iIn STEPS and in observations (radars)

intersection ratio (IR) = A/B
Ideal intersection ratio = 100%
® IR >=50% : choosen empirically
as a useful skill level

B
The intersection ratio gives a diagnostic estimate of model
ability to reproduce vast contiguous precipitation areas
(or other extremes)



Summary table with scale (o) parameter
Intersection ratio (IR), %

A
| Intersection ration (%).
Radar SCALE PARAMETER
Warm period Cold period
I ® Lead\
Thresh| | 625 200 1225 1600 s 200 1225 1600
o- I 30 S0 74 61 71 75 68 75 s1
RAKU 60 s3 77 S0 79 S0 63 73 28
o0 s3 73 sS4 70 23 38 67 s4
. 120 79 63 790 75 21 20 52 70
B
intersection ratio = AIB*100% S [ [ [ BN
RATL 60 48 23 75 S0 52 55 79 75
o0 35 17 35 S1 a7 s3 73 66
Scale paramEter o 120 34 19 26 75 50 62 72 65
determines PDF at
30 s4 3s 82 S1 70 76 S1 75
Zero p (0 i nt RAVO 60 S8 a7 sS4 56 64 74 68 76

90 =10 46 80 50 61 63 o4 73

(PDF(0)=1ISC3_IE)_ 120 52 35 53 82 50 64 65 64

The higher 0-, the 30 92 38 21 73 75 78 71 29

RUDB a0 87 o0 o1 68 48 67 65 29
smaller PDF at zero, e
120 88 o2 o3 67 44 56 53 23

and the smaller the

probability of an I I N

RUDK o0 T6 30 47 TO 54 68 67 SIS
b 1 1 h M o0 30 52 57 75 S0 o0 54 ZHTES
O jeCt Wlt a Slze 120 T2 S50 50 T 52 S0 48 =EE
close to Pareto
30 ] 03 62 31 47 52 S0 (i}
th res h 0 I d - RUDL o0 73 o4 50 28 3z 47 38 42
o0 65 s7 S5 a0 40 45 30 53

Red iS IR < 50% 120 71 606 52 16 41 42 as 34




Summary table with shape (&) parameter
Intersection ratio, %

CT intersection (%). SH AP E
: : : RADAR % riod Cold period
Negative & indicates 3- B i oldpert
- . - ea
dlStrlbUtlo_n, Z_erO_ E. . Thresh | 625 200 1225 1600 625 200 1225 1600
exponential distribution, and 3 SIGH [ TAE D [55ED [69¢D [BGH [0 [ 500 95000
pOS|t|Ve E: Pareto |tse|f_ RAKU 60 S8S(++H) | T6(++H) | T6 @M [60(--) | 68(++) | 44(0+) | TS0 D) | 64 (0-)
. 90 S3(++) | 76 (++1) | T3 OD |39 ) |S4(++) 3300 | 500 | 97 (0 O
Pos_ltlve Shape pa':ameter E 120 S0+ 1) | 72+ | 73O |47 ) |54(++H) 230D | 45+ |SZ 0D
indicates heavy tail in the
Pareto d|Str|but|on’ the 30 TA(E ) [ 410D [ TS OWm [48C0) |78+ 5 [STE D[ 91+ 380D
higher ¢, the heavier the tail |**™ EE z :H; zz:s*;* :z :';9; :;:* z: :*_: E”: ;; EH: 2: E“: z; Ezﬁ
-y = + + + + + + + + + + +
(probablllty Of IargeSt 120 G5 (++) | 34 (D +) | 44 (D +) 43(+0) [ O68(++) | TI(++) | S3(++) | S5 (0O
precip areas here)
(+/-) indicate & sign in the O e I T R SR N PR OIS B
. ! It L ot I IO Iot
O_bse_rva_tlor]S/f_OreCaSt 50 TT(++) | 38(0 ) |S2(00) | 73(00) |66(++) [63(++) | 60(++) | 65(+ )
distribution paII‘S, 120 60 (++) | 34 (0 =) [ 42(0 =) | T6(D0) | 64 (++) | 60 (+ +) | 58 (+ +) | 60 (= +)
0 indicates ¢ in the interval [-
0 1 O 1] 30 Q3(++) | 9L (++) | Q4 (++) [ Q0 (++) | T2(++) | T2Z2(++) | 65 (++) | 3T (D +)
re-y M RUDB 60 OL(++) | 92 (++) [95(++) | 8S(++) | 60 (++) | G (++) | 60 (++) | 37 (0 )
***  not enough cases o0 02 (++) | 94 (+ 1) |96 (+ 1) | BO(+ 1) | S6(+ 1) | ST+ 1) | S4(+ 1) | 33 (0 D)
- - 120 SO(++) | 92 (++) | Q4 (++) | BO(++) | SS(++) | SO(++) | SZ(++) | 32 (D +)
A desirable quality of a
forecast SyStem IS to 30 S0 | 0= [38@0D [S300 | 752 00| 2=+ | =5
reproduce the Sign of RUDK 60 TS| 7A@+ 300 D) | TO@D |6d () | 6d(+ ) | 6L+ |~
Shape param eter o0 To(++) | T4 (++) | 43 (D +) T2 (0 B0 (++) | STF ) | SZ(++) | =
120 Tad(++) | T3(+ 1) 4L (D) | TOO) | S6(++) | S3(++) | 40 (= +) | ===
30 BO(++) | TO(++) | TE(++) [ 410 +) | T2(++) | TL(++) | TZ2(++) | TO (++)
RUDL 60 T6(++H) | T3+ )| T3(++) | 36(0 1) | 6d(++) | 63 (++) | 60 (++) | 63 (++)
o0 TAH )| 69 (++) | TO(+4) [ 36(0+) | 62(++) | 6L(+4) | SO(++) | 6T (++)
120 Td(++) | TO(F+) |60 (++) | 28(0 ) | SO(++) | 57 (++H) | 55(++) | S8 (+ )




Summary table with shape (&) parameter
Intersection ratio, %

CT intersection (%). SH AP E

» As Pareto threshold rises, & RADAR PWarm period Coldperiod
has a tendency to change Leadi [ ) ] )
sign from pOS|t|Ve to Zero, and Thresh | 625 200 1225 1600 625 930 1225 1600
. . 30 Sd(++) | TA(++) |55 1) |[69(- ) | IB(+r+) | 47(0 ) | TO(00) | 90 (0 O)
becomes negaUVe In some RAKU 60 SS5(++) | 76(++) | 7600 |60( ) |68(+=+) |44(0 D) | 7T8(00) | 64 (0 )
cases. 90 S3(+1) | 76(++) | 730D |39( ) |S4(+H) 3305 | S0(0D |97 0O
. For Pareto threshold of 625 120 S0(=+1) | 72(++) | 730D |47 () |S4(++) 2305 |45+ |82 00D
grld p0|nt5, Only RUDN radar 30 TA(E ) | 210D [ TS0 [485(¢0) | S 8T |91 ) | 380D
has a zero Shape parameter RATL 60 TZ( ) | 360 | TOM0D |47C0) (609G | Tl | ST |[S100
E and no neagative E Thus. a %0 66(++) | 32(0+) |48(0+) | 46(+0) | 67(++) | 69 (+ +) | B2 (+ +) | 95 (0 O)
C’OnCIUSion an be mad_e tHat 120 65(++) | 34(0 ) |44(0 ) |43(=0) |68(++) | 73(++) | 83(=+) | 85 (0 O
the threShO_Id of 625 grld_ 30 T8+ 1) | 40(0 ) | 70D |74 | 76+ | TL(+ 1) | T3+ ) | 80 (+ 1)
pOlntS pC;’OVIdbe the best fit of RAVO 60 T6(+ 1) | 36(0 D) | TSMOWM 6900 | 72 (=) |67 ) | 6500 | T1+5)
Pareto istri ution o0 TT(++) | 38(0+) | B2(00) | 73(00) | 66(++) | 63(++) | 60 (+ +) | 65 (+ +)
, NOWCﬂSting System is more 120 60 (++) | 34(0 ) | 420 =) | T6(00) | 64(++) | 6O (++) | 58 (++) | 60 (++)
informative |r_\ f_()re_castl ng 30 BBE DP9 D) [0ED | 20| 20 65D [ 370D
extreme preci pltatlon areas RUDB 60 OLEFH) | 92 (++) | 95(++) |88 (++) | 60(++) | 64 (++) | 60(++) | 3T (05
: : . 90 02(++) | 94(++) | 96(++) |89(++) | S6(+ ) | 57 (++) | S4(+ ) | 330D
In the COId perIOd.- th-e 120 BO(++) | 92 (++) | Q4 (++) | BO(++) | SS(++) | SO(++) | SZ(++) | 32 (D +)
number of (++) pairs is
about 50% of cases in the T [WGED [P ED e [S5E0 [Seo [meEn [ Een [
warm per|0d, a_nd about RUDK 60 TS(++) | T4(++) | 30(0 =) | 7O 0) | 64 (++) | 64 (++) | 61 (+ +) | ==+
75%’ in the COId period o0 TE(+ +) | 7T (++) |43 (D =) | T2(00) | 60(+ +) | ST(++) | S2(++) | ===
120 Td(++) | T3(++) | 41 (D +) TO (00 S6(++) | S3(++) | 49 (+ +) | =FF
30 S0(=1) | 76(+1) | 781 (410D | 2D |71 =D | 21 | 79 (+ 0
RUDL 60 Te(+ 1) | T3(x D) | T3(++) |36(0 D) |[6a(=+) | 63(+H) | 60(= ) | 63 (+ 1)
00 T3(++) | 60 (+ 1) | TO(++) | 36(05) |62+ +) | 6L(++) | SO+ +) | 67 (+ )

120 T4+ +) | TO(HH) | 69 (++) | 28(D+) | SO(++) | ST(HH) | S5 (++H) [ 58 (++)




Discussion

The importance of compromise between the strict Extreme Value
theorems (the asymptotic Fisher-Tippett-Gnedenko theorem and
Pickands-Balkema-de Haan theorem) with simple heuristic
methods

Thus, the importance of correctly constructing the sample:

1. The model choice (block maxima, PoT, taking into account the
season, ...),

2. The threshold choice (according to asymptotic theorems,
histogram forms, empirically, ...),

3. Method of estimation of distribution parameters (generalized
maximum likelyhood, maximum likelyhood, L-moments, Bayes
with Monte Carlo Markov Chain modeling... )



Summary

Object-based verification of RHM nowcasting system is performed. The
verification period is May-Sep 2017 and Nov-March2017-2018, for seven
radars in Central Russia.

The ability of the system to forecast contiguous precipitation areas greater
than a certain threshold (peaks over threshold method) is assessed.
Several thresholds were studied.

Three-parameter Generalized Pareto distribution is used to assess
precipitation areas in distribution tails according to the shape parameter.
The best fit of Pareto distribution corresponds to the area threshold of 625
points (~50*50 km).

A measure of STEPS quality is introduced: intersection ratio of confidence
intervals of Generalized Pareto parameters (o and ¢) estimates in STEPS
and in observations (radars). It gives a diagnostic estimate of model ability
to reproduce vast contiguous precipitation areas (or other extremes).

A paper under preparation
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